Background: Overactive bladder (OAB) is a common condition affecting the elderly. The mainstay of treatment for OAB is medical therapy with anticholinergics. However, adverse events have been reported with this class of drugs, including cognitive changes. Objective: The objective of this study was to investigate the effect of an anticholinergic medication, trospium chloride, on cognitive function in postmenopausal women being treated for OAB. Methods: This was a prospective cohort study conducted at a urogynaecology clinic at one academic medical centre from January to December 2010, with 12-week follow-up after medication initiation. Women aged 55 years or older seeking treatment for OAB and opting for anticholinergic therapy were recruited. Baseline cognitive function was assessed via the Hopkins Verbal Learning Test-Revised Form (HVLT-R) [and its five subscales], the Orientation, Memory & Concentration (OMC) short form, and the Mini-Cog evaluation. After initiation of trospium chloride extended release, cognitive function was reassessed at Day 1, Week 1, Week 4 and Week 12. Bladder function was assessed via three condition-specific quality-of-life questionnaires. Secondary outcomes included change in bladder symptoms, correlation between cognitive and bladder symptoms, and overall medication compliance. The main outcome measure was change in HVLT-R score at Week 4 after medication initiation, compared with baseline (pre-medication) score.
Introduction
Overactive bladder (OAB) is a common condition affecting the elderly population. [1] OAB is defined by the International Continence Society (ICS) as ''urinary urgency, usually accompanied by frequency and nocturia, with or without urge urinary incontinence''. [2] OAB afflicts more than 38 million Americans, and one in every three elderly adults. [1, 2] OAB has far-reaching consequences for both physical and mental health: skin breakdown due to leakage, sleep disturbance, fall-related injuries, depression, prolonged hospital stays, admission to a nursing home and lower quality of life. [1, [3] [4] [5] OAB is an embarrassing condition that interferes with not only social functioning but also a wide range of activities of daily living. [4] Annual direct costs of OAB in the US -including diagnostic tests, physician visits, medications, treatment procedures, supplies such as pads and diapers, and home care -totaled over $US12 billion in 2005. [6] This is comparable to breast cancer ($US12.7 billion) and osteoporosis ($US13.8 billion). There are also indirect costs: loss of work productivity, time off from work for treatment, and inability to maintain employment due to OAB. [7, 8] We can decrease the significant healthcare and economic burdens associated with OAB by investing more healthcare resources in effective and safe treatments.
The mainstay of treatment for OAB is pharmacotherapy; the primary class of drugs is anticholinergics. Because anticholinergic receptors are found throughout the body, the side effects of these drugs are common and widespread. [9] [10] [11] One of the most serious adverse effects is cognitive impairment. The central nervous system (CNS) contains all five anticholinergic receptors, which influence a wide array of cognitive function: learning, memory, language, arousal/attention and visuospatial/sensory/motor processing. [9, 10, 12] It is therefore not surprising that anticholinergic medications have been linked to cognitive impairment. [13, 14] Multiple cognitive effects have been reported with anticholinergic use: memory changes, blurred vision, somnolence, hallucinations, confusion and delirium. All of these cognitive impairments are more prevalent in the elderly, possibly due to the increased CNS absorption of anticholinergics in this population. [9, [15] [16] [17] [18] Given that one in three elderly adults suffers from OAB, the proportion of elderly people using anticholinergics for OAB alone is high. Because anticholinergics are also used to treat many other medical conditions, there is potential for compounding of drug-induced cognitive impairment. One study of almost 6000 elderly patients found that 59% were taking at least one anticholinergic, and 10% were taking up to three. [3] Therefore, it is becoming increasingly critical to understand the magnitude of adverse anticholinergic effects on cognitive function. Currently, there is no standard of practice for OAB management. Management of anticholinergic use in the elderly must involve monitoring of: functional status, co-morbidities, concurrent medication use and active surveillance for adverse events -including the development of cognitive impairment.
Our primary aim was to investigate the effect of a specific anticholinergic, trospium chloride extended release, on cognitive function in postmenopausal women in a clinic setting. Secondary aims included understanding the severity of OAB in this clinic population, the timing of changes in cognitive function and OAB symptom improvement, and medication compliance.
Patients and Methods
After approval by the Institutional Review Board at the University of North Carolina at Chapel Hill (UNC), we conducted a prospective cohort study assessing cognitive function in women initiating an anticholinergic medication for the treatment for OAB. STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) guidelines were followed. [19] Women aged 55 years or older seeking treatment for OAB were recruited from the Female Pelvic Medicine and Reconstructive Surgery clinic between January and December 2010. Initially the age of recruitment was 65 years and older but we amended this within the first 3 months of the study after finding it difficult to meet recruitment goals. After being counseled by their physician on treatment options for OAB, women opting for anticholinergic medication were offered enrollment in the study, which would entail treatment with trospium chloride extended release.
After a complete description of the study to the subjects, written informed consent was obtained. Subjects received a small monetary compensation for completing the follow-up assessments but medication costs were not covered.
Baseline cognitive function was assessed prior to anticholinergic start via the Hopkins Verbal Learning Test-Revised Form (HVLT-R), the Orientation, Memory & Concentration (OMC) short form, and the Mini-Cog evaluation. [20] [21] [22] This battery of tests comprises validated measures of cognitive function commonly used in the geriatric population. The Mini-Cog test is a very brief 3-minute cognitive screening test that is useful in detecting mild cognitive impairment, dementia and early stage Alzheimer's, and is not dependent on education level or language. It includes a drawing test and verbal recall. Both the accuracy of the clock face and the verbal recall are scored. The HVLT-R is a verbal memory test that involves reading subjects a list of 12 words and having them recall the words both immediately and after a delay of 25 minutes. There are six versions that provide differing sets of 12 words. The HVLT-R generates a total score and seven subscale scores, including Total Recall, Delayed Recall, Delayed Recognition, Learning, Retention, Discrimination Index and Recognition Bias. The HVLT-R has a low risk of ceiling effects (even for the non-dementia population) and is not affected by sex or education. It is easy to administer, quick and a well tolerated tool for the screening of dementia. The OMC is a mini mental status assessment, asking questions regarding current date and time, ability to recall a random name and address, and the ability to count backwards from 20 and name the months in reverse. Both the HVLT-R and OMC provide raw numerical scores, while the Mini-Cog provides a dichotomous pass/fail score.
After this baseline testing was performed, women were instructed to start trospium chloride extended release. Date and time of initiation were recorded. Subjects completed a medication diary, recording the date and time of each pill taken on a grid chart for the entire study period. Cognitive function was then reassessed using the Mini-Cog, HVLT-R and OMC at Day 1, Week 1, Week 4 and Week 12 of medication usage. These time periods were determined based on the pharmacokinetics of trospium chloride extended release. We also assessed pelvic floor function, specifically focusing on OAB symptoms. Pelvic floor and bladder function were measured via three validated condition-specific quality-of-life questionnaires: the Pelvic Floor Distress Inventory-Short Form 20 (PFDI-20), [23] the Pelvic Floor Impact Questionnaire-Short Form 7 (PFIQ-7) [23] and the Pelvic Organ Prolapse/ Urinary Incontinence Sexual Function Questionnaire-Short Form 12 (PISQ-12). [24] Both the PFDI-20 and PFIQ-7 contain urinary subscales: the UDI-6 (Urinary Distress Inventory, short form) and UIQ-7 (Urinary Impact Questionnaire, short form), respectively. Urge urinary incontinence was defined as a positive response to question 3 on the PFDI-20 indicating urine leakage with urge. The severity of OAB symptoms was defined as a positive response to questions 1 and/or 3 on the PFDI-20 indicating severity of urgency (with or without leakage) and frequency.
Our primary outcome was a change in cognitive function, as determined by HVLT-R, at 4 weeks after starting the anticholinergic medication. Secondary outcomes included the severity of OAB symptoms in this clinic population, the time of onset of any change in cognitive function, the time of onset of OAB symptom improvement, and medication compliance.
Inclusion criteria consisted of English-literate women aged 55 years or older opting for medical management of OAB. Exclusion criteria were the presence of pre-existing co-morbidities such as dementia, depression and any other psychiatric diagnoses that may affect cognitive function as determined by patient history and medical records; current use of other anticholinergic medications or other agents known to affect cognitive function; and medical conditions known to be adversely affected by anticholinergic therapy, such as narrow-angle glaucoma, severe urinary retention and obstructive bowel disease. Furthermore, women who met criteria for dementia on the baseline Mini-Cog were excluded from the study. Prior or current use of an anticholinergic other than trospium chloride for the treatment of OAB was not a reason for exclusion. Any women currently using a different anticholinergic but electing to enroll in the study underwent a 2-week washout period prior to medication start.
Statistical Analyses
Data were analysed using SPSS version 16.0 (SPSS, Chicago, IL, USA). Analysis was undertaken with univariate analysis for descriptive variables and bivariate analysis using the paired t-test for continuous variables, with a Bonferroni correction for multiple comparisons. The patient's baseline cognitive function served as the control for which variables at Day 1, Week 1, Week 4 and Week 12 were each compared individually. This research was designed as a pilot study to investigate the relationship between anticholinergic initiation and changes in cognitive function as well as to answer questions regarding study design such as baseline prevalence of OAB in our clinic population and the feasibility of assessing cognitive function in this setting as part of the management of OAB. Therefore a control group was not used. Rather, the subjects' baseline scores served as the comparison for post-medication cognitive performance using paired t-tests as described above. A convenience sample of 50 subjects was chosen. A p-value <0.05 was considered significant.
Results
During the study period 50 women were enrolled and 35 completed the primary assessment at Week 4. Fifteen women dropped out prior to the primary assessment period, with the main reason being discontinuation of the medication due to lack of efficacy. No subject reported any subjective cognitive effects during the study period. Average age at enrollment was 70.4 years and the majority of women were Caucasian (table I) . More than three-quarters of subjects had previously taken anticholinergic medication for the treatment of OAB, with an average of 1.4 previous medications. Two-thirds of subjects reported severe overactive bladder symptoms and almost three-quarters reported severe urge incontinence based on validated questionnaire responses. At the time of enrollment, 13 of 35 women (37.1%) were taking a different anticholinergic for the treatment of OAB and underwent a washout period. Baseline cognitive function was not impaired, as per protocol, based on an intact MiniCog assessment, HVLT-R total score and OMC score. We then compared these baseline cognitive function scores to post-treatment scores (table II) . On Day 1 of anticholinergic use, cognitive function showed a decline in the HVLT-R total score (p = 0.037) [ figure 1 ], the HVLT-R Delayed Recognition subscale (p = 0.011) and the HVLT-R Recognition Bias subscale (p = 0.01). There were no changes seen in the other HVLT-R subscales at that time. At Week 1 of anticholinergic use, there was a decline in the HVLT-R Learning subscale (p = 0.029) only. The other HVLT-R scores were unchanged from baseline at Week 1, including those that had seen a decline on Day 1. At Week 4 of anticholinergic use, the HVLT-R Total Recall subscale score was improved over baseline (p = 0.02), with no differences in the other HVLT-R scores. At Week 12, there were no statistical differences in cognitive function compared with baseline HVLT-R scores. These analyses were based on paired t-tests used to compare each follow-up point to its baseline score. When we instituted a Bonferroni correction for multiple comparisons the changes in the HVLT-R subscales of Delayed Recognition (p = 0.011) and Recognition Bias (p = 0.01) remained significant. The OMC remained stable throughout the testing period, with no significant changes seen at any time points. The Mini-Cog assessment showed a decline as early as Day 1, with a nadir at Week 4 of 90.9%. It was noted to improve at Week 12 in the women who were still on the anticholinergic medication. We also compared all cognitive outcomes between those women who underwent a washout period at the time of enrollment due to current anticholinergic use and those not currently taking an anticholinergic at the time of enrollment. There were no differences in cognitive function outcomes at any time point between these two groups.
When assessing pelvic floor and bladder symptoms, we did not see a significant improvement until Week 4, based on both PFDI-20 and PFIQ-7 total scores and UDI-6 and UIQ-7 subscale scores (table III) . These changes remained significant after a Bonferroni correction for multiple comparisons. Pelvic floor and bladder symptoms improved further at Week 12 based on PFDI-20, PFIQ-7 and UDI-6 scores. There was no change in sexual function based on PISQ-12 scores, but only 15 subjects were sexually active at the time of enrollment, with no change in sexual status during the study period.
When assessing compliance, the overall medication discontinuation rate was 57.1% (20/35) by 12 weeks, with an average time to discontinuation of 29.9 days as determined by medication diary and interview. Leading reasons included lack of efficacy (28.6%), expense of medication (8.6%), constipation (8.6%), dry mouth (2.9%), headache (2.9%) and nausea (2.9%). No subjects cited cognitive dysfunction as a reason for discontinuation and no subjects were withdrawn from the study for adverse events.
Discussion
The mainstay of treatment for the highly prevalent condition OAB is anticholinergic medication, a class of drugs known to interfere with cognitive function. OAB is more prevalent in the elderly population -a group known to have increased cognitive dysfunction. Therefore, it is essential to understand the effect of anticholinergics Baseline urge leakage on cognitive function. In our group of postmenopausal women, we observed fluctuations in cognitive function after beginning a new anticholinergic medication. While some cognitive changes were seen as early as 1 day after medication start, other changes did not appear until 1 week of medication use. By 4 weeks of medication use, cognitive function returned to baseline and did not fluctuate after that time, up to 12 weeks after medication initiation. No subjects reported any subjective changes in cognitive function. Anticholinergic drug exposure in the elderly has been shown to have variable effects. Han et al. [25] demonstrated that anticholinergic exposure with multiple medications has a cumulative effect on cognitive function. This cumulative effect was confirmed in a recent longitudinal study of over 13 000 elderly adults. [26] Ancelin et al. [27] found that elderly adults taking various anticholinergics had multiple areas of cognitive dysfunction: reaction time, attention, memory, recall, visuospatial construction and language tasks. In contrast, a randomized trial of healthy elderly volunteers showed no short-term differences in cognitive function between OAB anticholinergics and placebo. [28] Staskin et al. [29] found no difference in cognitive testing between trospium chloride and placebo, and no measurable trospium chloride in the CNS. Because cognitive function is not routinely evaluated by practitioners treating OAB, the true rate of cognitive impairment associated with anticholinergic use is unknown. [4] Evaluation of baseline urinary symptoms in our clinic population demonstrated that most women are severely affected by OAB and have tried at least one anticholinergic medication prior to seeking care with a specialist. This may be helpful in understanding baseline disease severity in women seeking specialty care for management of OAB. We also found that there was a delay between the onset of changes in cognitive function and OAB symptom improvement after medication a Data are presented as mean -SD unless otherwise specified. All analyses were performed with the paired t-test. Only significant p-values reported.
b OMC maximum possible score is 28.
HVLT-R = Hopkins Verbal Learning Test-Revised Form; OMC = Orientation, Concentration and Memory test. * p < 0.05 vs baseline.
start. While cognitive changes occurred early, OAB symptoms were not found to improve until 4 weeks after starting anticholinergic medication. Therefore, it is important to realize that side effects, specifically in cognitive function, may be occurring prior to symptom improvement, and normalization of cognitive function may be found at the time of peak effects of anticholinergic medications. With regard to compliance, we found that the discontinuation rate for this anticholinergic medication was high, with over half of women stopping the medication by the end of the study period. Average time to discontinuation was 4 weeks, which was the same time when we first observed an improvement in OAB symptoms. Among those who continued therapy to 12 weeks, we observed further improvement of symptoms. Clinicians may consider advising their patients to try medication for at least 4 weeks, as symptom improvement may not take place until that time. We also described leading reasons for medication discontinuation, which may provide further help in counseling patients as to medication expectations. We were interested to see an improvement in the HVLT-R total score at Week 4 and the MiniCog at Week 12. Our repeated testing likely led to these improved cognitive scores due to a learning effect, which has been reported previously. [14] While the HVLT-R offers a different set of 12 words with each administration, the OMC and Mini-Cog have repetitive elements. Frequent administration of all three tests may have been an intervention in itself, by providing memory exercises for the subjects. In designing an expanded version of this study we plan to have less frequent cognitive testing and the use of a placebo group to avoid this learning effect.
We chose trospium chloride extended release as our anticholinergic medication for this study for a number of reasons. We chose a single agent for all subjects in order to avoid the effect of variation in drug absorption, action and efficacy. Due to its molecular properties, this drug has a relatively low capacity to penetrate the bloodbrain barrier (BBB) and exert cognitive effects. A drug's ability to cross the BBB is based on not only its size but also its polarity and lipophilic properties. [17] Trospium chloride, as a quarternary amine, is large, highly polar and hydrophilic, and therefore has a relatively low capacity to penetrate the BBB. Furthermore, trospium chloride is a known P-glycoprotein ligand and is actively removed from the CNS via efflux. [30] There are abundant data demonstrating cognitive effects of non-selective anticholinergics that do cross the BBB. [9, 17, 31] However, there is less direct evidence of whether trospium chloride exerts these effects due to its unique properties.
Trospium chloride does have some drawbacks as well: (i) it has reduced oral bioavailability, thus requiring that it be taken with a full glass of water 1 hour before meals; (ii) it requires a dose reduction for subjects with decreased renal function; and (iii) it may compete with other drugs that are excreted in the kidneys, including digoxin and metformin, although studies have not shown this effect. [11, 32] At the time of study recruitment trospium chloride was a relatively new medication, and it was more likely that our study population was naı¨ve to it.
The principal limitation of this study is the lack of a control group, which may lead to misclassification bias. This project was designed as a pilot study to gather information on the effect of a unique anticholinergic on cognitive function in postmenopausal women in our clinic population, as well as the timing of onset of these changes in relation to improvement in OAB symptoms and the baseline severity of OAB. A clinically meaningful change in HVLT-R total score has been reported to be 6 points. [29] Our findings approached this cut-off, with a mean and standard deviation decline of 4.2 -12.2 points at Day 1. Because we used a convenience sample of subjects, we did not aim to have an adequate sample size to meet power in the current study, which would have required significantly more subjects. Based on our data, we can now design an adequately powered placebo-controlled study to further address the effect of anticholinergics on cognitive function in this population. There is also potential for selection bias due to the use of subjects who were naı¨ve to anticholinergics and those who had previously tried these medications. However, no subjects had previously taken trospium chloride and we found no difference in outcomes between these two groups. Another limitation is the accuracy of the chosen cognitive function tests to discriminate small but potentially meaningful changes in cognitive function. We used validated tools in our study but this remains a potential confounding variable. A final limitation is the fact that we did not assess pelvic floor and bladder symptoms between Weeks 1 and 4, so we cannot say exactly when the time to improvement in symptoms occurred. However, this was not the main aim of the study.
The major strength of this study is the prospective design, with baseline cognitive function obtained for comparison with post-treatment timepoints. Anyone displaying baseline cognitive dysfunction was excluded from the study. We used a single anticholinergic medication for all subjects in order to avoid any variation in pharmacokinetics, efficacy or side effects that could be due to multiple medications. In addition, all subjects were either naı¨ve to anticholinergics or had undergone a washout period prior to obtaining baseline cognitive testing. All medications were reviewed prior to enrollment to confirm this. When we compared the naı¨ve group to the washout group, we found no differences in any of the cognitive or pelvic floor outcomes. Finally, the interdisciplinary collaboration involved in this study allowed us to look at multiple facets of medication effects, including the pharmacokinetics of the drug (timing of effects seen), and the interplay between onset of cognitive changes and the improvement in OAB symptoms.
Conclusion
OAB is a widespread condition with farreaching consequences. As our population ages and the prevalence of OAB increases, anticholinergic medication will remain a mainstay in the management of this disease. Understanding the side effects of the anticholinergic medications that we prescribe is critical. The data obtained from this study will facilitate the design of a largescale longitudinal clinical trial, which will expand on our understanding of the current topic. As providers, we must continue to provide treatment options for OAB that are both effective and safe.
